I N THIS WORK, magnetic nanoparticles of MFe 2 O 4 (M: Fe, Mn, Cu and Co) were prepared on the surface of granular activated carbon throughout the impregnation process, employing HNO 3 acid as the carbon modifying agent. These adsorbents were employed to assess the adsorption capability of p-chlorophenol from aqueous solution. The adsorbents were characterized by XRD, SEM, EDX and nitrogen adsorption isotherms. Additionally, the impact of various parameters such as pH, contact time was investigated. The results demonstrate that the current phase is mainly γ-Fe 2 O 3 (maghemite), spinel manganese, copper and cobalt ferrite, respectively. The equilibrium details were best ascribed by the Langmuir model accompanied by high adsorption capacity of 110mg/g for γ-Fe 2 O 3 / activated carbon. The kinetic experimental analysis of the adsorption model perfectly was correlated to the pseudo -second order kinetics. With the advantages inexpensive and fast processing, these adsorbents could attain promoting application in wastewater treating.
INTRODUCTION
Chlorophenols are a cluster of chemical materials, they are charactereized as weak acids, in which chlorine lies between one and five position have been combined to groups of phenol. Chlorophenols with at least two chlorines are applicable as pesticides, while 4-chlorophenols are used in antiseptics. Limited amounts are produced when raw materials are decontaminated with chlorine like bleaching wood with chlorine to derive paper process [1] . Chlorophenols rapidly inhere into the human body through the skin and absorbed by gastro-intestinal tract [2] . They generate complicated problems to water bodies as well as unacceptable odor and bad taste in drinking water. For the aquatic life, chlorophenols cause death in inland water bodies and restrain the regular activities of microbial community in waste water treatment, etc. Chlorophenols exhibited a noticeable unfavorable impact in edible water when the concentration is found to be below 0.1mg/L. Regarding to the environmental degradation they produce complex molecules like chlorophenoxy acetic acids and chlorobenzenes. In human advancement, behavioral, serious neurologic, reproductive, endocrinal and immunologic conflicting health effects have been combined to these compounds as they are proposed to be considered as uncouples to oxidative dephosphorylation. Chlorophenols with chlorine in 4 th position within an isomeric group are more toxic than others. Numerous abatement technologies consisting of thermal, biological, flocculation, and chemical treatments have been advanced in the detoxification of organic pollutants [3, 4] .
Adsorption process using activated carbon is the most practical technique for the elimination of hazardous waste [5] . Activated carbon was identified by a great surface area, porous shape, and unpredictable adsorption capability that could be simply functionalized and applied as an effectual adsorbent of organic contaminations from oceanic environments. In engineering processes it has been used in large scales, but facing some troubles for instance dispersion, filtration originate turbidity and great price of its reduction [6] . Lately, magnetic segregation process has been satisfactorily used owing to economical cost, homogeneity and being rapid in the separation process. In view of this, diverse adsorbents like ion exchange resins, zeolites, activated carbon, polymeric adsorbent, wastes and nanoparticles have been magnetized [7, 8] [9, 10] . Owing to their chemical stability, biocompatibility and heating ability, ferrofluids of maghemite nanoparticles can be applied for ferrofluids hyperthermia in tumor treatments [11] . Also, due to the advancement in nanotechnology nanoscale, iron oxides have grow into a raw material for treating the waste waters and soils, increasing the coagulation of sewage, removing radionuclides and adsorbing biological dyes [12] .
The addition of magnetic iron phases loaded onto activated carbon exhibits an impressive and low -cost choice for the uptake of hazardous materials from water like chlorophenols and phenolic compounds [13, 14] . For instance, magnetic beads (magnetic nanoparticles) loaded onto activated carbon were synthesized for the uptake of methylene blue dye and methyl orange [15] . Moreover a researh group prepared CuFe 2 O 4 / activated carbon composite which was applied for the removal of acid orange (II) [16] .
The main objective of this study is to prepare magnetic nanoparticles of MFe 2 O 4 (M: Fe, Mn, Cu, Co) loaded onto granular activated carbon with high maintained porosity. The aforementioned magnetic nanoparticle samples were subjected to adsorption tests in the liquid phase using pchlorophenol as adsorbate.
Materials and Methods

Materials
All the components were of analytical grade and used as supplied. (Fig.1) . In all experiments, distilled water was used.
Chemical Name : 4 Chlorophenol Molecular Formula : C 6 H 5 ClO Formula Weight : 128.56
Refractive Index : 1.5579 Density : 1.306 g/ml 
Preparation of magnetic nanoparticles
Synthesis of γ-Fe 2 O 3 nanoparticles combined with granular activated carbon was prepared according to the technique given by Dung et al [17] . Granular activated (GAC) carbon (30gm) was impregnated into 50ml solution mixture of Fe(NO 3 ) 3 . 9H 2 O (0.3mol), HNO 3 (68%) and heated at 80°C for 6 hr using a magnetic stirrer. Then, the dried GAC was calcined at 650°C for 1 hr under a nitrogen atmosphere to enable the formation of γ-Fe 2 O 3 nanoparticles. Furthermore, the other three samples were prepared by adding 30 gm of GAC to Mn(NO 3 
Adsorption experiments
A standard stock solution of p-chlorophenol (500 mg/L) was prepared. Batch adsorption experiments were performed in a set of 100 ml Erlenmeyer flasks where 50 ml of p-chlorophenol with initial concentrations ranging from 10-100 mg/l. Equal mass of 0.15 g of each adsorbent were added to each flask and kept in a shaker at 150 rpm until equilibrium was attained. The pH of the solutions was adjusted around 5. After equilibrium, aqueous samples were taken and the concentration were analyzed after filtration using UV-visible spectroscopy at = 279 nm. For adsorption kinetics, 0.5gm of each adsorbent was added to 100ml of p-chlorophenol solution at concentration 500mg/L. The aqueous samples were taken at present time intervals then filtered INSIGHTS ONTO THE ADSORPTION OF MFE 2 O 4 NANOPARTICLES... through a 0.45m membrane filter immediately. The amount of adsorption at time t, q t (mg/g) was calculated using the following equation (1) where C o is the initial concentration of PCP , C t (mg/L) is the concentration of PCP after t-time, V is the volume of solution (L) and m is the mass of each adsorbent (gm). The impact of pH on adsorption was studied in the range of 2-12 with initial concentration of 500mg/L. The pH was adjusted by addition of 0.1M HCl or NaOH solution at contact time of 24 hr. Adsorption isotherms were obtained in batch equilibrium experiments as mentioned above.
Characterization of adsorbents
The phase structure of each adsorbent was characterized using XRD diffractometer (XPERT-MPDUC PW 3040) equipped with a Cu X-ray tube with CuK α radiation source (λ=0.15406 nm), at a power of (40 kV and 40mA) in 2θ from 10 o to 80 o .
The morphology of the samples was determined by using scanning electron microscopy (SEQuanta FEG 250 microscope) with an EDX/ ZAF quantifier. N 2 adsorption-desorption isotherms of the samples were measured at 77K using (Auto SORB-1, Quantachrome) for the determination of surface area and total pore volumes. The pore structures of the resulting materials were characterized by analysis of the corresponding adsorption isotherms using the α s -method [18] . Such analysis led to the values of the total surface area (S), non -microporous area (S n ), total pore volume P/Pº ≥0.95 (V p ), micropore volume (V o ).
The mesopore volume (V meso ) was stimulated from the difference between the total pore volume at (P/Pº = 0.95) and the microvolume obtained from the α s -plot [19] .
Results and Discussion
Characterization of the samples Figure 2 shows XRD patterns for various samples under investigation. The activated carbon matrix for all samples shows a broad band of nanocrystalline carbon phase at 2θ value of 26.3 with average particle size around 4-7nm: Various major peaks of different broad band nanocrystalline phases were located at 2θ value = 35.5°, 43.13° specified the maghemite (γ-Fe 2 All these diffraction peaks in the XRD pattern confirmed the presence of magnetic nanoparticles. The average particle size of the samples were calculated using Scherrer's equation: [20] 
where D is the average crystalline size , is the wavelength of CuK α , β is the Full Width Half Maximum (FWHM) of highest intensive diffraction peak ,and θ is the Braggs angle. The average particle size were estimated to be around 31, 13nm for γ-Fe 2 O 3 /GAC , γ-Fe 2 O 3 /GAC/Mn, respectivly. while 22nm for γ-Fe 2 O 3 /GAC/Cu and γ-Fe 2 O 3 /GAC/Co, correspondingly. The morphology of the tested samples were examined using SEM and demonstrated in Fig. 3 .
It can be concluded from Fig.3 that the GAC consist of porous structure. However, γ-Fe 2 O 3 / GAC shows that the shape of majority of the crystallites appeared to be spherical with relatively homogeneous grain distribution, also several brightness points appear which is an indication of the probable presence of Fe in these points. the blocking of some pores. This finding was confirmed with the results obtained by means of XRD. However, in γ-Fe 2 O 3 /Mn/GAC the porous structure disappeared with a faint spherical grain distribution [21, 22] .
The composition of the tested samples was confirmed by using EDX microanlaysis and it is presented in Fig. 4 (a-d) . All samples contain carbon, iron and oxygen which accompanied with small amounts of copper; manganese and cobalt which are presented due to the grids used for samples preparation with some impurities are incorporated. o . An interesting ratio is shown in the last column of Table 1 . Upon impregnation, the structure begins to contract or blocks the internal structure. Thus impregnation ) and mesopore volume( V meso ) and ratio of V meso to the total pore volume V meso /V p . [23] . 
Effect of pH
The pH is an expressive controlling parameter that can intensely influence on the adsorption efficiency of p-chlorophenol onto the tested samples. The influence of adsorption percentage on the pH of PCP was studied via adjusting the pH of aqueous medium in the range of 2 to 12 using HCl and NaOH solutions (0.01mol) (Fig. 6) . The screening of these experiments indicated the highest removal efficiency of PCP in a solution when pH is 6 and pKa of PCP is 9.1 .When the pH is near to 6, the proportion of phenoxy ions becomes greater than phenol and the surface of the adsorbent becomes positively charged.
Fig. 5. Pore size distribution for the tested carbon materials
Thus, the electrostatic interactions becomes greater which accompanies an increase in the adsorption capacity. Further decrease in pH, the quantity of undissociated phenol increases, this implies to the decrease in the interaction between phenol and the adsorbent. At a value of pH > 8, the PCP act as anions and this accompanies by a decrease in the adsorption between the negative charged phenoxy ion and the negative charge present on the surface of the adsorbent [24, 25] .
Effect of contact time
The influence of contact time on the uptake of PCP by the tested samples is shown in Fig. 7 . The parameters like pH= 6, adsorbent dosage (500mg) and initial concentration of PCP (500mg/L) were kept constant. For all samples, PCP removal was rapid throughout the first 15 min. and increased slightly between 15 -30 min. then reached equilibrium in 90min. After the equilibrium there is no significance change of amount adsorbed with time. The fast adsorption is a result of the presence of high accessibility of active sites on the tested samples surfaces at the start of the experiments. The observed saturation adsorption correlates to a decrease in the rate of adsorption which contributes to the accumulation of PCP particles on the active sites. This result is amazing since the equilibrium time is one of the essential guidelines for waste water treatment utilizations.
Adsorption dynamics
Adsorption kinetics including pseudo-first order and pseudo -second -order kinetics models were applied to predict adsorption dynamics. The pseudo-first order kinetic model [26] was given as equation. (3) where q e (mg/g) and q t are the measures of PCP adsorbed onto adsorbent at equilibrium at any time t (min) consequently, k 1 (min -1 ) is the firstorder rate constant at equilibrium.
The kinetic data were additionally analyzed applying pseudo -second order kinetic model [27] suggested in equation 4. It was proposed that the adsorption capacity of each adsorbents was relative to the number of localized sites on its surface. t/q t = 1/k 2 q 2 e + 1/q e t (4) where k 2 (g/mg/min) is the second -order rate constant at equilibrium. The linear regression and parameters of both two models were presented in Table 2 . It was established that the pseudo -second -order model, used to describe chemisorptions, fitted the experimental data better which was obvious from the higher correlation coefficient values (R 2 ). So, it was noticed that the mostly PCP adsorption experiments was governed by a chemical reaction [28] .
Adsorption isotherm
To evaluate the adsorption capacities of PCP on the tested samples, adsorption isotherms were obtained at pH= 6 using batch tests. Three parameter equations (Langmuir, Freundlich and Redlich Peterson) were employed to fit the experimental data. The Langmuir [29] isotherm model is given as (5) where K L is the Langmuir constant related to the energy or net enthalpy, q m is the maximum adsorption capacity (mg/g). The plot of C e /q e versus C e , gives a straight line (Figure not shown) and values of K L and q m can be evaluated from the intercept and slope, respectively.
Freundlich isotherm [30] can be expressed as: q e = K F C e 1/n (6) where K F is the Freundlich constant coresspond to the adsorption capacity, and n is a constant related to the adsorption intenseness. Values of K F and n can be estimated by plotting log q e against log C e .
The Redlich Peterson isotherm model [31] conjugates both Langmuir and Freundlich isotherm equation and the mechanism of adsorption is heterogeneous and doesn't belong to ideal monolayer adsorption The equation is expressed as follows: (7) where K R (L/g) and a R (L/mg) are Redlich Peterson constants and g is the exponent which lies between 1 (Langmuir equation) and 0 (Henry's Law). However, for values 1<< a R C g e , it becomes identical with the Fruendlich equation. Table 3 summarizes all the constants of the three studied isotherms. As can be seen, the R 2 value are close to 1 for Langmuir isotherm (monolayer coverage process) in active sites of surfaces and suggesting the equivalent for all (Table 3) [32, 33] .
Error analysis
As a result of essential bias deriving from linearization, three diverse error functions of nonlinear regression basin were suggested in this study to predict the most isotherm applicable to the experimental data.
The sum of the squares of the errors (SSE)
This error function [34] is given as: (8) where q e cal are the theoretical value of the adsorbate solid concentration on the adsorbent (mg/g), q e exp are the experimentally determined adsorbed sorbate concentrations and n is the number of data points. This is the abundantly used error function.
The sum of the absolute errors (SAE)
The sum of the absolute error (SAE) is given as [34] : (9) The isotherm data evaluated by this technique is the most fitted as the magnitude of the errors increase, influencing the fit through the high concentration data.
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The average relative error (ARE)
The average relative error [35] is given as:
This error function seeks to decrease the fractional error distribution across the whole concentration range. The values of the three error functions SSE, SAE and ARE are displayed in Table 4 .
By analyzing the results of the error functions, it is suggested that Langmuir model suited well the PCP adsorption isotherm data. Figure 8 illustrates the difference betweenthe experimental and anticipated amount of PCP adsorbed on tested samples for all the isotherm models studied. Obviously, Langmuir isotherm best fit the experimental equilibrium data.
Conclusion
This study has demonstrated a simple method 
